Background: Serum C-reactive protein (CRP), an acute inflammatory response biomarker, has been recognized as an indicator of malignant disease progression. However, the prognostic significance of CRP levels collected before tumor removal in intrahepatic cholangiocarcinoma requires further investigation. Methods: We sampled the CRP levels in 140 patients with intrahepatic cholangiocarcinoma who underwent hepatectomies with regional lymphadenectomies between 2006 and 2013. A retrospective analysis of the clinicopathological data was performed. We focused on the impact of serum CRP on the patients' cancer-specific survival and recurrence-free survival rates.
Background
Cholangiocarcinoma is a relatively rare neoplasm acquired by humans. Recently, high incidence rates have been reported in Eastern Asia, and especially in Thailand [1] . Based on the location in the body where it develops, cholangiocarcinoma is further classified into intrahepatic, perihilar extrahepatic, or distal extrahepatic. Intrahepatic cholangiocarcinoma (IHCC) originates from the second segment of the bile duct, and is the least common of the cholangiocarcinoma classifications that a person could acquire. It accounts for 8-10 % of total cholangiocarcinoma cases diagnosed [2] . Its etiology is unknown, although various risk factors, including primary sclerosing cholangitis [3] , liver fluke infestation [4] , hepatolithiasis [5] , and hepatitis viruses [6, 7] , have been identified. These risk factors all induce a chronic inflammation in the biliary epithelium and partially obstruct the bile duct [8] . These risk factors are considered to be favorable for potential cancer development [8] . IHCC is seemingly incurable, has a rapid progression, and is lethal in most cases, with the 5-years survival rate being less than 5 % for non-resectable cases [9] . Surgical resection offers only a chance to cure IHCC, but the outcomes vary widely across affected patients.
Several prognostic factors have been identified for the prediction of IHCC patient survival. These factors include staging [10] , para-aortic lymph node status [11] , positive node to the total node ratio [12] , tumor size, and the presence of multiple tumors [13] . Other novel molecular biomarkers, such as hepatoma-derived growth factor [14] , SOX4 [15] , loss of FBXW7 expression [16] , Homer1 [17] , and inactivation of Smad4 [18] , seem to be associated with poor IHCC patient prognosis. Despite these critical association findings, the majority of these histological predictors only apply to assessments conducted after surgical intervention. Consequently, there is an urgent need to identify pre-treatment prognostic markers that can be used for an improved risk stratified treatment approach for patients that have not undergone surgical intervention.
Serum C-reactive protein (CRP), an acute phase reactive protein, has been defined as an inflammatory biomarker produced in response to pro-inflammatory cytokine hepatocyte stimulation [19] . As a result, CRP is closely associated with the development and outcome of many diseases [19] . During the past decade, elevated serum CRP has been associated with poorer prognosis in patients with various malignant cancers, including gastric cancer, colorectal cancer, breast cancer, and urological cancer [20] [21] [22] [23] [24] [25] . This linkage implies a close association between inflammation and malignancy. A recent study has also revealed that chronic inflammation and pro-inflammatory cytokines, like interleukin 6 (IL-6), play an important role in the development and progression of cholangiocarcinoma [26] . Based on these conclusions, it seems as though CRP may be a promising prognostic factor that could be incorporated into prognostic models to improve the predictive accuracy of the outcomes for IHCC patients. Already, a retrospective study has shown that the serum CRP was a prognostic factor in a patient with a small size perihilar cholangiocarcinoma [27] . In published literature, the relation between serum CRP and prognosis of IHCC has not been explored yet. In this study, we aimed to explore the prognostic significance of pre-treatment serum CRP levels on cancer-specific survival (CSS) and recurrence-free survival (RFS) in IHCC patients.
Methods

Patients
This retrospective study included 140 IHCC patients that were treated at Sun Yat-sen University Cancer Center between the years of 2006 and 2013. The patient cases were selected for inclusion in this study based on the following criteria: pathological diagnosis of IHCC, primary and curative tumor resection surgery without preoperative anticancer treatment, the availability of preoperative serum CRP levels, liver function and clinicopathological and follow-up data. The IHCC cohort included 93 (66 %) men and 47 (34 %) women with a mean age of 54.11 years. The average follow-up time after surgery was 20.9 months (median: 14.7 months; range: 0.55 to 87.9 months). Follow-up evaluations were performed every 3 months within the first year, every 6 months for the next 2 years, and annually 3 years after the surgery. The histopathological findings of this IHCC cohort were also reviewed, including tumor multiplicity, intraepithelial ductal spread and vascular invasion. Tumor differentiation was determined based on the criteria proposed in the WHO Classification of Tumours of the Digestive System (2010 version). At the T stage, the lymph node status and the tumor stage were defined according to the UICC/AJCC tumor-node-metastasis (TNM) Classification System (2010 version). Ultrasonography, computed tomography (CT), or magnetic resonance imaging (MRI) scanning were used to detect tumor recurrence, which included incidences of intrahepatic recurrence or metastasis. The time of detection was used as the time of recurrence. In our study, the RFS was defined as the time from surgery to IHCC recurrence or patient death from IHCC, whichever came first in each individual case. The CSS was the time from the date of surgery to the last follow-up visit or date of death from IHCC. The Institute Research Medical Ethics Committee of Sun Yat-sen University Cancer Center approved the methods used in this study.
Detection of serum CRP
Serum CRP levels were detected by the biosensor. To be included in the study, the serum used for CRP detection needed to be collected within 5 days before the tumor resection surgery. The biosensor detection system was adjusted regularly with a calibration curve acquired from the four-parameter Logit log mode. All the reagents used in CRP detection were derived from the WHO standards.
Statistical analysis
A receiver operating characteristic (ROC) curve analysis was used to determine the preoperative serum CRP cutoff value that was acceptable for patient case inclusion in this study. The correlation between preoperative serum CRP level and the clinicopathologic features of the IHCC patients was evaluated by a χ 2 test. Using univariate analysis, survival curves were constructed using the Kaplan-Meier method. The differences between groups when considering survival were analyzed by the log-rank test. The effect of preoperative serum CRP and other clinicopathological variables on CSS and RFS were evaluated with the Cox proportional hazards regression model. For the variables with statistical significance in the univariate analysis, a further multivariate survival analysis was performed with the Cox regression model. The corresponding hazard ratio (HR) and 95 % confidence interval (CI) were extracted from the Cox regression models. All statistical analyses were performed using the SPSS statistical software package (SPSS Standard version 16.0, SPSS Inc.). A P < 0.05 in a two-sided analysis was considered to be statistically significant.
Results
Patient characteristics
All patients underwent curative resection for IHCC with the following intra-operative goals: complete tumor resection with lymphoadenectomy and leaving the cut surface free of tumor. Median tumor size was 5.5 cm (range from 0.5 to 15.0 cm). In this study, 140 IHCCs were located in right lobe (74, 53 %), left lobe (47, 34 %), both right and left lobes (17, 12 %), and quadrate lobe (2, 1 %), respectively. Most patients exhibited well-differentiated or moderately-differentiated tumors (n = 91, 65 %). Vascular invasion was observed in 54 (39 %) patients. Intraepithelial ductal spread was detected in 88 of 140 (63 %) patients with IHCC. The elevated levels of preoperative serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were observed in 53 (38 %) and 43 (31 %) patients, respectively. Cancer recurrence was observed in 87 patients, including 55 of intrahepatic relapse, 17 of multiple metastases, 12 of lymph node metastasis and 3 lung metastases. Patients received postoperative chemotherapy according to the status of lymph node metastasis and multiple tumor nodules. The characteristics and pathological features of IHCC patients are detailed in Table 1 .
Preoperative serum CRP level cutoff selection
The mean pre-treatment plasma CRP level was 15.2 mg/L. To develop an optimal serum CRP cutoff value for further analysis, we subjected the serum CRP levels to an ROC curve analysis with respect to the survival and recurrence statuses (Fig. 1) . The ROC curves showed the point on the curve closest to (0.0, 1.0), which maximizes both the sensitivity and specificity for the outcomes. Patients with cancer with CRP levels above the obtained cutoff value have a higher risk of tumor recurrence and cancer-related death than cases with levels below the value. Based on the gathered data, an optimal CRP level cutoff value of 1.8 mg/L was determined to differentiate between the opposing patient prognoses (area under the curve: 0.659; 95 % CI: 0.570-0.749) (Fig. 1a) as well as between the tumor recurrence and no further incidence of tumors (area under the curve: 0.659; 95 % CI: 0.566-0.752) (Fig. 1b) .
Relationship between preoperative serum CRP level and IHCC patient clinicopathological features
We separated patients into two groups according to low CRP levels (≤1.8 mg/L) or high CRP levels (>1.8 mg/L) according to the ROC curve analysis. We evaluated the associations between preoperative serum CRP levels and other clinicopathological factors gathered in the individual patient cases. An elevated serum CRP level was significantly correlated with gender, advanced tumor stage, elevated ALT, AST, carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9) levels and intraepithelial ductal spread (P < 0.05). No significant associations were found in between CRP level and age, tumor location, hepatitis B virus infection, tumor size, tumor grading, nodal metastasis, tumor multiplicity, vascular invasion and chemotherapy administration ( Table 1) .
Relationship between preoperative serum CRP level and IHCC patient survival
To investigate whether preoperative serum CRP level and other clinicopathological factors are associated with IHCC patient survival, we calculated univariate Cox proportional models for the CSS and RFS. Univariate analyses identified tumor size (≤5.5 vs >5.5 cm, P = 0.001), a high tumor stage (stage I/II vs III/IV, P = 0.007), nodal metastasis (absent vs presence, P = 0.011), vascular invasion (absent vs presence, P = 0.001), elevated CA19-9 (≤35 vs >35 U/ml, P = 0.016), and a high serum CRP level (≤1.8 vs >1.8 mg/L, P = 0.001) as poor prognostic factors for CSS. For a poor prognosis of RFS, having a larger tumor size (≤5.5 vs >5.5 cm, P = 0.001), a high tumor stage (stage I/II vs III/IV, P = 0.025), nodal metastasis (absent vs no presence, P = 0.016), vascular invasion (absent vs presence, P = 0.003), postoperative chemotherapy (chemotherapy vs on postoperative treatment, P < 0.001), and a high serum CRP level (≤1.8 vs >1.8 mg/L, P < 0.001) were identified as poor prognostic factors. Age, gender, tumor location, grading, elevated ALT, AST and CEA levels, and tumor multiplicity were not significantly associated with clinical outcomes for the set of patients (Table 2) .
Among the 140 IHCC patients, death occurred in 11 of 42 (26 %) patients with a low serum CRP level and in 56 of 98 (57 %) patients with a high serum CRP level (P = 0.001). In the Kaplan-Meier survival analysis, there was highly significant association between a high serum CRP level and shortened patient survival time (P = 0.001, Kaplan-Meier Method) (Fig. 2a) . A stratified survival analysis was also performed to evaluate the serum CRP levels in subsets of the IHCC patients that were at different clinical stages. Our results demonstrated that a high serum CRP level was a prognostic factor in IHCC patients with stage I/II cancer (P = 0.006, Kaplan-Meier Method) (Fig. 2c) but not stage III/IV cancer (P = 0.126, KaplanMeier Method) (Fig. 2d) .
Results in the RFS analysis were similar to that in CSS analysis. Patients with high serum CRP level showed a significant trend toward worse RFS compared to the RFS of patients with low serum CRP levels (P < 0.001, Kaplan- Meier Method) (Fig. 2b) . Additionally, a stratified survival analysis showed that a high serum CRP level was a predictor for RFS in both stage I/II cancers (P = 0.007, Kaplan-Meier Method) (Fig. 2e) and stage III/IV cancers (P = 0. 015, Kaplan-Meier Method) (Fig. 2f) .
Independent prognostic value of preoperative serum CRP levels in IHCC patients
To determine the independent prognostic value of the serum CRP levels for CSS and RFS, we performed multivariate analyses using a Cox proportional hazard model. The clinicopathologic variables, specifically tumor stage, tumor size, nodal metastasis, vascular invasion, CA19-9 level, administration of postoperative chemotherapy, and serum CRP levels, were tested in the multivariate analyses. The clinicopathological variables were found to be of statistical significance in the univariate analyses. In the multivariate analyses, we found that high serum CRP level was a prognostic factor for poor CSS (P = 0.004) and RFS (P < 0.001) of IHCC patients. Additionally, it appeared that independent of tumor stage, nodal metastasis and CA19-9 level were not prognostic factors for poor CSS and RFS (Table 3) . Despite this finding, tumor size and vascular invasion were found to be independent prognostic predictors for poor CSS and RFS, as well as administration of postoperative chemotherapy for poor RFS (P < 0.05) ( Table 3) .
Discussion
CRP is an acute-phase reactant, and plays a role in microbial infection, trauma, infarction, autoimmune diseases, and malignant cancers [28] . Recently, high levels Median size CRP C-reactive protein, ALT alanine aminotransferase, AST aspartate aminotransferase, HbsAg hepatitis B surface antigen, CEA carcinoembryonic antigen, CA19-9 carbohydrate antigen 19-9, TNM tumor-node-metastasis Fig. 1 Receiver operating characteristic curve analysis determination of cutoff score for preoperative serum C-reactive protein levels. The sensitivity and specificity for each outcome were plotted: cancer-specific survival a, recurrence-free survival b of serum CRP have been associated with metastatic disease and a poor prognosis in various malignant cancers, including perihilar cholangiocarcinoma. However, the role of CRP status in IHCC, and its utility to clinicians, remains unknown. In our study, we retrospectively assessed IHCC patient cases in order to explore the prognostic value of preoperative CRP. We sought to determine the relative survival rates for IHCC patients who underwent curative operations to remove cancerous tumors. Our study demonstrated that preoperative serum CRP levels were strongly associated with adverse CSS and RFS in IHCC patients. Furthermore, the preoperative serum CRP level appeared independent from tumor characteristics and treatment allocation. Other groups have reported similar results [23, [29] [30] [31] [32] , in which preoperative serum CRP level was significantly correlated with other pathologic parameters found in solid cancers, such as decreased survival times, increased loco-regional recurrence rates, more severe post-operative complications, and a shorter relapse time after surgery. A more recent study has found that C-reactive protein, at the time of diagnosis, predicts poorer outcomes in hepatocellular carcinoma patients that are unable to have tumor removal surgeries [33] . More importantly, high CRP level was significantly correlated with poor survival and found to be independently predictive of survival in patients with perihilar cholangiocarcinoma as evidenced by the in the univariate and multivariate analyses [27] . In summation, it appears the pre-operative CRP level may be useful prognostic predictor in many cancer patients who have undergone a radical treatment to remove the cancer. Despite this finding, the prognostic significance in IHCC patients that have not undergone tumor removal surgery still needs further study.
In our study, subgroup analyses, with respect to the TNM stage, supported the prognostic relevance of serum CRP, except for the CSS rate in the subgroup of TNM stage III-IV. This finding is inconsistent with the previous studies, which imply a strengthened association between serum CRP concentration and prognosis in patients with advanced cancers, included colorectal cancer, gastric cancer, ovarian cancer, and renal cell cancer [20, [34] [35] [36] [37] . Notably, there is also a report [38] which shows no significant prognostic value when considering serum CRP level for predicting cancer recurrence rate in stage II and III colorectal cancer. Taken together, differences in the geographic backgrounds, biological characteristics of different tumors, selection of the CRP cutoff valve, patient heterogeneity, small sample sizes, and different definitions of end points (disease-free, cancer specific survival, or overall survival) may contribute to these discrepancies.
The underling mechanism regarding the elevated CRP level indicating a potential poorer outcome for cancer patients is unknown. There are three possible explanations. First, this phenomenon could be explained by causality, or that an elevated CRP level promotes tumor progression. Second, this could be explained by reverse causality, or that tumor progression increases the CRP level. Lastly, there could be a confounding explanation. A third factor, for example inflammation, could increase both CRP level and tumor malignancy. Notably, there are evidence [26] that the inflammatory field effect, reflected by elevated CRP, may be directly involved in tumor progression. This could explain the CRP level's prognostic significance in IHCC, which has a development and progression that are closely related with inflammation [39, 40] . For example, IL-6, one of the main inducers of CRP production, has been shown to be associated with development and progression of cholangiocarcinoma and other cancers [28, 41] . Moreover, CRP was shown to directly enhance tumor cell proliferation under stressed conditions in a recent study on myeloma [42] . Clearly, the causal mechanisms of CRP regarding the progression of IHCC and other cancers need to be clarified in further investigations. The findings presented in this report may have impacts for the design of future clinical trials. Most studies in advanced IHCC only stratify prognoses according to variables like tumor staging and grading, presence or absence of vascular invasion/extra-hepatic spread, and CEA or CA19-9 levels. The strong and independent prognostic significance of serum CRP levels found in this study provides evidence to collect serum CRP levels in future clinical trials for the potential determination of an IHCC patient's prognosis.
There are a few limitations in the design of this study. CRP is known to be a non-specific marker of inflammation. It is possible that an undocumented super infection could influence CRP concentrations in the serum. Furthermore, as IHCC is mainly located within the liver, the synthetic function of the hepatocytes may be affected. This change in functioning may act as a confounding factor that correlates directly with both the development of IHCC and the serum concentration of CRP. Moreover, our study is limited by its retrospective nature and a rather heterogeneous group of patients. Fig. 2 Kaplan-Meier survival analysis of preoperative serum C-reactive protein (CRP) levels in patients with intrahepatic cholangiocarcinoma (IHCC) (log-rank test). The preoperative serum CRP levels and the probability of cancer-specific survival (CSS, a) and recurrence-free survival (RFS) of IHCC patients b The preoperative serum CRP levels and the probability of cancer-specific survival in IHCC patients at stage I-II c and stage III-IV d The preoperative serum CRP levels and the probability of RFS in IHCC patients at stage I-II e and stage III-IV f Based on the results of our study, it is possible that a higher preoperative CRP level in IHCC patients was associated with a higher risk for recurrence and earlier death because of the disease. Whether patients can be selected for resection, or increase the chances of curative resection, can only be evaluated in a controlled prospective clinical trial. However, to the best of our knowledge, our study represents the first one validates the prognostic value of serum CRP levels in IHCC patient prognoses.
Conclusions
In conclusion, the preoperative CRP level was a strong and independent predictor of a poor prognostic outcome, as indicated by the univariate and multivariate analyses. Adding the serum CRP into TNM stage factor could improve the ability to discriminate between IHCC patients' outcomes. Our data seem to indicate that CRP could function as an independent prognostic factor of outcomes in IHCC. Additionally, the data support the consideration of the preoperative CRP level for therapy stratification. The causal role of CRP in tumor progression merits further investigation in preclinical studies.
Abbreviations CRP: C-reactive protein; CSS: Cancer-specific survival; IHCC: Intrahepatic cholangiocarcinoma; RFS: Recurrence-free survival; ROC: Receiver operating characteristic The total number of patients and total number of events in this model were 140 and 87, respectively
